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Abstract: By using the principle of stress release method, a numerical solution method of convergence —con—
finement characteristic curve was proposed for tunnels with various cross—sections based on the convergence—con—
finement analysis method. The validity of the proposed method was verified by comparison with the convergence —
confinement analytical method, and compared with the usual numerical methods. Finally, the calculation error of the
numerical solution method for convergence—confinement characteristic curve was analyzed. The results show that the
numerical solution method of convergence—confinement characteristic curve is suitable for non—circular tunnel, and

due to the stress release achieved by applying support reaction to nodes, the method is also suitable for the tunnel
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with complicated stress condition. Taking the Dianzhong diversion project as an example,the numerical solution
method of convergence—confinement curve was compared with the calculation results of the convergence—confine—
ment analytical method, and the validity of the numerical solution method of convergence —confinement curve was
verified. Despite some error in the result of the numerical solution method of convergence—confinement curve, the
overall relative error is less than 10%. The application of the numerical solution method for convergence—confine—
ment characteristic curve is more extensive,which can provide reference for the optimization design of primary sup—
port and safety evaluation of tunnel engineering, and the numerical solution method has a certain value of engineer—
ing application.

Key words: convergence —confinement method ; tunnel;stress release method;ground reaction curve;unbal-

anced force ; stress distribution
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Fig.4 Scheme of stress release method
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Tab.1 Mechanical parameters of rock mass

BEA9U BB E/GPa ZhRJT o/MPa FEIEM /(°)
1 6.0 1.0 39
v 1.3 0.6 27
\Y 1.0 0.18 26
x2 MEZHPRK
Tab.2 Types of primary support
[iHE= %l AP
- HERIE 15 om J&E C20 YR#EL

ZRGEIT ®25,L =45 m @2.0m x 2.0 m
HRIE 20 em J5 C20 JR%EE L
\Y RYAHAT 25,1 = 6 m,@2.0 m x 2.0 m
4% 120 1! @0.8 m
HRIEE 20 em J5 C20 JR%EE L
A ARG @25,L =6 m@1.5m x 1.5 m
574 120 A @0.6 m
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Tab.3 Support structure parameter values
in calculation model

g PR E/GPa THFAEL
TSR 35 1 23.0 0.20
MR E L+ 8032 4% @0.8 m 26.9 0.25
MR E T+ % @0.6 m 28.1 0.25
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Fig.11 Comparison diagram of numerical solution method of

convergence—confinement curve and analytical method
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Tab.4 Relative error analysis of displacement

WS- 24 AERFAE T 2k
Bl BRI
28 HRALAS /mm

Ble rasty Bls sty Bs el

] 11.39 4.75 11.16 4.70 2.06 1.06

fift v

KA /mm

(VEEZEROE
RIE/%

128.41 5.75 123.99 6.38 3.57 9.87

V72340 1.80 681.08 1.97 6.21 8.63

K5 XIPEHEXRES N

Tab.5 Relative error analysis of supporting load

L %ﬂﬁﬁﬁﬁﬂﬁ b ifﬁm
50 BRI SR Rk T
Wikt ST HuMPa /MPa B2/%
m 10.16 0.71 0.67 6.14
v 19.20 1.34 1.28 5.00
V 7.37 0.52 0.51 1.16
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Fig.12 Interaction curve of surrounding rock

of class Il and support
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of class V and support
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Fig.15 Tunnel boundary after deformation
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Tab.6 Relative error of numerical solution method

of convergence—confinement curve

3 mRR G B mm RS2 /%
e

ik ‘ . , COmR kf
R ms R w0

0 0.1376 0.1376  3.689 3.689 0.00 0.00
1.19  0.1576 0.1576  4.296 4317 0.00 0.49
258 0.1844 0.1840 5.065 5.109 0.22 0.86

4.06 02085 02108 5827 5.906 1.09 1.34
481 02215 02226 6.211 6.301 0.49 1.43
591 02323 02352 6.580 6.701 1.23 1.81
730 02464 02496 6.926 7.114 1.28 2.64
880 0.2594 0.2643 7.269 7.548 1.85 3.70

1026 02759 02862 7.674 8.178 3.60 6.16
1206 02964 03149 8451 9.499 5.87 11.03
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